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RESEARCH MEMORANDUM 


EFFECT OF A WING LEADING-EDGE FLAP AND CHORD-EXTENSION 
ON THE HIGH SUBSONIC CONTROL CHARACTERISTICS OF A 
SPOILER-SLOT-DEFLECTOR CONTROL LOCATED 
AT TWO SPANWISE POSITIONS 


By Robert F. Thompson and Robert T. Taylor 
SUMMARY 


An investigation was made in tbe Langley high-speed T- by 10-foot 
tunnel to determine the effects of a wing leading-edge modification on 
the effectiveness of & spoiler-slot-deflector control. The control was 
tested on one semispan of a sting-mounted wing-fuselage model having a - 
wing of aspect ratio 4, taper ratio 0.3, 45° sweepback, and NACA 65A006 
airfoil sections. The wing leading-edge modification was the optimum 
configuration from a previous investigation and consisted of a chord- 
extension over the outboard 35 percent of the semispan in combination 
with a full-span leading-edge flap deflected 6°. Тһе spoiler-slot- 
deflector control having equal spoiler and deflector projection was also 
chosen on the basis of a previous investigation. The control spanned 
ll percent of wing semispan and was tested at two spanwise locations. 

A few comparative tests were made with the spoiler part of the control 
used as an unvented flap-type spoiler. Control projections up to 10 per- 
cent of the local wing chord were tested. through an angle-of-attack range 
which varied with Mach number and a Mach number range from 0.40 to 0.94. 
Complete results are presented in tabular form as increments in &erody- 
nemic coefficients due to control projection. A representative part of. 
the data is presented graphically, and results are discussed on the basis 
of these data. 


Modifying the wing leading edge generally had a beneficial effect 
on the static lateral control characteristics. On both the plain and 
modified wing, the spoiler-slot-deflector control was effective in pro- 
ducing rolling-moment coefficients over a greater angle-of-attack range 
than the plain flap-type spoiler and, in general, both types of controls 


were more effective when located at the inboard spanwise position. Except 
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for pitching moment, the increment in aerodynamic coefficient varied 
fairly regularly with control projection and the general shape of the 
curves was little affected by wing leading-edge modification. 


INTRODUCTION 


Detailed wind-tunnel investigations have shown that, for certain 
thin sweptback wings, leading-edge separation combines with a spanwise 
pressure gradient to create & vortex-type flow over most of the lift 
range. This flow can result in undesirable static longitudinal stability 
characteristics for certain aspect ratios and can lead to the objection- 
able characteristic termed "pitch-up" found in many current airplane 
designs having thin sweptback wings. А detailed discussion of this flow 
phenomenon is given in reference 1. Outboard leading-edge chord-extensions 
have been effective in improving the longitudinal-stability characteristics 
of wings of this type (ref. 2). In addition, appreciable improvement in 
the lift-drag ratio for thin sweptback wings up to Mach number of 0.90 
was obtained with a deflected leading-edge flap (refs. 3 and 4). Тһе inves- 
tigation of reference 5, therefore, was made to determine to what extent 
these gains in longitudinal stability and lift-drag ratio could be com- 
bined at high subsonic speeds. For the model investigated, a leading- 
edge chord-extension over the outboard 35 percent of the semispan in 
combination with a full-span leading-edge flap deflected 6° gave best 
results from overall considerations of stability and performance. The 
purpose of the present investigation was to determine the effect of this 
Wing leading-edge modification on the control characteristics of a spoiler 
control. 


The control tested was chosen on the basis of the investigation made 
in reference 6. Results of reference 6 indicated that for speeds up to 
& Mach number of 0.91, a flap-type spoiler-slot-deflector control was 
effective in producing rolling moments over a greater angle-of-attack 
range than an unvented spoiler alone. Since flap-type spoilers are desir- 
able on thin wings from a physical standpoint, the present investigation 
was made primarily with this flap-type spoiler-slot-deflector control. 
A few comparative tests were made with the spoiler part of the control used 
as a plain flap-type spoiler. 


The present investigation was made on the wing-fuselage model used 
in reference 5 to determine the effects of the optimum wing leading-edge 
modification obtained in reference 5 on the control characteristics of a 
flap-type spoiler-slot-deflector control located at two spanwise positions. 
The wing had an aspect ratio of 4, a taper ratio of 0.3, 45° of sweepback 
of the quarter-chord line, and streamwise NACA 65A006 airfoil sections. 
Tests were made in the Langley high-speed 7- by 10-foot tunnel through a 
Mach number range from 0.40 to 0.94 and an angle-of-attack range from -2° 
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to 24° at the lower speeds and -29 to 10° at a Mach number of 0.9}. 
Complete incremental force and moment coefficients due to control projec- 
tion are listed in tabular form and a representative part of the data 

is presented graphically. I 


SYMBOLS 


The forces &nd moments measured on the model are presented &bout 
the wind axes which, for the conditions of these tests (zero yaw), corre- 
spond to the stability axes. The origin of the axes was in the plane of 
symmetry at a longitudinal position corresponding to the projection of 
the quarter-chord point of the wing mean aerodynamic chord (fig. 1). 


All force and moment coefficients presented are based on the plan 
form of the basic wing without chord-extensions. The area of the chord- 
extensions was 4.8 percent of the basic wing area. Incremental effects 
due to control projection were produced by a control on only the right 
semispan of the complete wing. 


Cr, lift coefficient, Lift/qs 

Cp drag coefficient, Drag/qS 

ur pitching-moment coefficient, Pitching moment/qS¢ 
C1 rolling-moment coefficient, Rolling moment/qSb 
Cn yawing-moment coefficient, Yawing moment/qSb 


lateral-force coefficient, Lateral force/q8 (positive to right) 


A prefix signifying increment of coefficient due to control projec- 
tion 

q free-stream dynamic pressure, seve, lb/sq ft 

S wing area before leading-edge modification, 2.25 sq ft 

b wing span, 5 ft 

e mean aerodynamic chord of basic wing, 0.823 ft 

c local wing chord of basic wing, ft 


h local maximum height of control above wing surface, ft 
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R Reynolds number based on © 

M free-stream Mach number 

V free-stream velocity, ft/sec 

p mass density of air, slugs/cu ft 

yi spanwise location of inboard end of control, measured perpendic- 
ular to plane of symmetry, ft 

δ control projection, h/c 

α, angle of attack of fuselage center line and wing-chord line, deg 

Subscripts; 

8 spoiler, part of control deflected from upper surface 

d deflector, part of control deflected from lower surface 

avg average 


MODEL AND APPARATUS 


A drawing of the wing-fuselage model is given in figure 1] anda 
photograph of the model mounted in the tunnel is shown as figure 2. 
Ordinates of the fuselage are given in table 1. 


The wing had 45° of sweepback referred to the quarter-chord line, 
an aspect ratio of 4, a taper ratio of 0.3, and NACA 65A006 airfoil 
sections parallel to the plane of symmetry. The wing was made of solid 
aluminum alloy and the stiffness was reduced in providing for the leading- 
edge flap and the slot for the control. 


Provision for the wing leading-edge modification was made by cutting 
the wing along the 20-percent-chord line, and leading-edge flap angles 
of 0° and 6° were obtained with preset steel inserts. After setting a 
desired flap angle, the groove in the wing was filled and finished flush 
to the wing surface. The chord-extension was made by using a larger 
insert to extend the nose section forward 0.10c. The two segments of the 
airfoil (nose and trailing-edge sections) were joined by a smooth fairing. 
Angular distortion of the flap and chord-extension under load was checked 


analytically and found to be negligible. 
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The spoiler-slot-deflector control consisted of the following: a 
flap-type spoiler with the hinge line along the upper-surface 55-percent- 
chord line and extending 15 percent of the wing chord rearward, a flap- 
type deflector with the hinge line along the lower-surface ‘0-percent- 
chord line and extending 15 percent of the wing chord forward, and a 
chordwise opening (slot) between the two hinge lines equal to the spoiler 
and deflector in span except for a narrow stiffening web at the midpoint 
of the control. For the plain flap-type spoiler, the deflector was set 
at zero projection and effectively sealed the slot through the wing. The 
controls spanned 44 percent of the wing semispan and were tested on the 


right wing at spanwise stations of Ji. 0.25 and 0.47. Control projec- 
b/2 


tion was obtained with interchangeable plates preset to the desired 
spoiler or deflector projection. At zero projection, the spoiler and 
deflector maintained the original airfoil contour. The leading edge of 
the deflector was sharpened to facilitate flow through the control slot 
at low projections. Spoiler projection was approximately equal to deflec 
tor projection for all tests with the spoiler-slot-deflector control. 


CORRECTIONS 


Blockage corrections were determined by the method of reference 7 
and were applied to the Mach numbers and dynamic pressures. Jet—boundary 
corrections, applied to the angle of attack and drag, were calculated by 
the method of reference 8. The angle of attack has been corrected for 
deflection of the sting support system under load. The basic model data 
(fig. h) were obtained from reference 5 and therefore have the corrections 
of reference 5 applied. 


Control projections were measured in the wind-off condition and were 
believed to be little affected by aerodynamic load. 


TESTS 


The sting-supported wing-fuselage model was tested in the Langley 
high-speed 7- by 10-foot tunnel. Data were obtained for each model con- 
figuration by setting the tunnel Mach number and then rotating the model 
through an angle-of-attack range. Tests were made through a Mach number 
range from 0.40 to 0.94. The angle-of-attack range varied from -20 to 
approximately 24° at the lower test speeds and from -2° to about 10° at 
М = 0.94. The angle of attack at the higher Mach numbers was limited by 
tunnel choking conditions. 
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The spoiler-slot-deflector controls were tested with essentially 
equal spoiler and deflector projections, through a projection range up 
to about 10 percent of the local wing chord. The plain flap-type spoiler 
was tested only at about O-percent-chord projection. 


The variation of average test Reynolds number with Mach number based 
on the wing mean aerodynamic chord is given in figure 3. 


PRESENTATION OF DATA 


Incremental aerodynamic coefficients due to control projection for 
the complete investigation are presented in tabular form as follows: 


е ОЁ opanwise location 


control of control, i. 
b/2 


Spoiler-slot-—deflector 


Plain flap-type spoiler 
Spoiler-slot-deflector 


HE 6 Wer AU FUND 


Plain flap-type spoiler 


*Parts (a) of the tables present data for the plain wing and parts (b) 
for the wing with the modified leading edge. 


Lift, drag, and pitching-moment characteristics of the model with the 
control undeflected are presented in figure 4. These data were obtained 
from reference 5 to show the model characteristics with and without leading- 
edge modification since only incremental effects due to control projection 
-were obtained in the present investigation and are presented without 
discussion. 
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À representative part of the test data is plotted in figures 5 to 11 
to present graphically the general results of the investigation. The 
relative roll effectiveness of the spoiler-slot-deflector control is 
compared with the plain flap-type spoiler in figure 5. 


The effect of modifying the wing leading edge on the spoiler-slot- 
deflector-control characteristics is presented in figures 6 to 9. Fig- 
ures 10 and 11 present tle effect of spanwise location on the aerodynamic 
effectiveness of the spoiler-slot-deflector control on the wing with the 
modified leading edge. 


The values given for angle of attack agyg in figures 6, 7, and 10 


are averages of the angles of attack at which the test points were obtained. 
The absolute magnitude in angle-of-attack difference between any two appro- 
priate test points is small, as shown in the tables, and results from the 
jet-boundary and sting-deflection corrections. 


RESULTS AND DISCUSSION 


Results of this investigation are discussed on the basis of data 
presented graphically in figures 5 to ll. These data were arbitrarily 
chosen as being representative. It should be emphasized, however, that 
complete results are presented in tables 2 to 17. 


Comparison Between Plain Flap-Type Spoiler 
and Spoiler-Slot-Deflector Control 


Results presented in figure 5 for O-percent control projection at 
М = 0.85 indicate that on both the plain and modified wing and at both 
spanwise positions the spoiler-slot-deflector control was effective in 
producing rolling moments over a greater angle-of-attack range than the 
unvented spoiler alone. These results for the plain wing are in general 
agreement with reference 6. At both spanwise positions, the spoiler-slot- 
deflector control produced increments in rolling-moment coefficient through- 
out the test angle-of-attack range, whereas the plain flap-type spoiler 
was relatively ineffective above a * 109. Modifying the wing leading 
edge increased the effectiveness of both types of controls, especially at 
angles of attack greater than about НО. In general, both types of controls 
gave higher static roll effectiveness when located at the inboard spanwise 
position. 
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Effect of Wing Leading-Edge Modification on the 
Variation of Control Characteristics With Control Projection 


The effect of modifying the wing leading edge on the variation of 
incremental aerodynamic coefficients with spoiler-slot-deflector projec- 
tion is given for the two spanwise control positions in figures 6 and 7. 
Modifying the wing leading edge had little effect on the general shape of 
the curves except for drag and pitching-moment coefficient at the higher 
test angles of attack. 


Rolling-moment coefficient.- The control produced increments in 


rolling-moment coefficient that were in the proper direction for all test 
conditions and, in general, MM, increased fairly regularly with control 


projection (see figs. 6(a) and T(a)). Control static roll effectiveness 
was generally increased by modifying the wing leading edge and, in general, 
the increment in ΔΑ] due to leading-edge modification increased with 
increasing control projection within the test range. Mach number had 
little effect on the control rolling-moment coefficient. 


Yawing-moment coefficient.- Incremental yawing-moment coefficient 
due to control projection was generally in a favorable direction, and 
the variation with control projection was fairly regular for angles of 
attack less than about 16° (figs. 6(b) and 7(b)). Modifying the wing 
leading edge generally had little effect but in some cases caused a 
small increase in AC, with control projection. Above α = 16°, results 
were somewhat erratic and, in general, there was little variation in 
An with control projection. Mach number had little effect on the control 
yawing-moment coefficient. 


Lift coefficient.- Incremental lift coefficient, in general, decreased 
fairly regularly with increasing control projection, and the magnitude of 
Ær, for a given control projection was, in most cases, little affected by 
modifying the wing leading edge (figs. 6(c) and 7(c)). The increment in 
negative lift coefficient due to control projection was generally larger 


for the inboard control (= 0.25). 
b/2 

Drag coefficient.- Incremental drag coefficient increased fairly 
regularly with increasing control projection for angles of attack up to 
about 129, and above а = 120 the variation was somewhat erratic (figs. 6(4) 
and T(d)). Modifying the wing leading edge had little effect on Ap due 
to control projection at zero angle of attack and generally increased the 
drag coeffictent due to control projection at angles of attack greater 
than zero. 
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Pitching-moment coefficient.- Projecting the control generally gave 
a positive increase in pitching-moment coefficient, and AC, usually 
increased with increasing control projection although the variation was 
somewhat erratic throughout the test range (figs. 6(e) and 7(e)). Modi-' 
fying the wing leading edge had a larger effect on the pitching-moment 
characteristics of the outboard control, and, in general, the effect was 
to increase the incremental pitching-moment coefficient due to control 
projection. Increasing the Mach number in the angle-of-attack range from 
about 4° to 89 resulted in a large positive increase іп Mp for certain 
inboard control projections. 


Effect of Wing Leading-Edge Modification on the Variation 
of the Control Characteristics With Angle of Attack 


The effect of modifying the wing leading edge on the variation of 
incremental rolling- and yawing-moment coefficients with angle of attack 
is presented for one control projection and the two spanwise control 
positions in figures 8 and 9. Modifying the wing leading edge did not 
change the general variation of А6 and AO, with angle of attack and 
had only a small effect on the absolute magnitude of incremental yawing- 
moment coefficient. Incremental rolling-moment coefficient was generally 
increased by leading-edge modification with the increase being lerger in 
the angle-of-attack range from about 6° to 16°. The variation of АС, 


and Apn with angle of attack was such that for both control spanwise 


positions the ratio of AG, to Ay, was much larger at the higher angles 
of attack. 


Effect of Control Spanwise Position on the Variation 
of Control Characteristics With Control Projection 


The effect of control spanwise position on the variation of incre- 
mental aerodynamic coefficients with control projection on the wing with 
the modified leading edge is shown in figure 10. The general shape of 
the curves of Абу and Ny with control projection was little affected 


by spanwise position, but there were erratic effects on the variation of 
Am with control projection. Generally speaking, at zero angle of attack 
the effectiveness of the control in producing increments in rolling-moment 
coefficient was not affected by control spanwise position, whereas in the 
angle-of-attack range from approximately 4° to 12° the inboard control 
E = 0.25) was more effective. The outboard control t - 0.47 | 
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gave larger increments in yawing-moment coefficient for a given control 
projection throughout the test range. In general, the outboard control 
also produced larger increments in pitching-moment coefficient although 
an increase in Mach number tended to reverse this effect in the angle-of- 
attack range from about 4° to 89. 


Effect of Control Spanwise Position on the Variation 


of Control Characteristics With Angle of Attack : 


° 


The effect of control spanwise position on the variation of AC, 


and Аһ with angle of attack for one control projection on the wing with 
the modified leading edge is presented in figure 11. The general variation 
of Æ; and Аһ with angle of attack was unaffected by control spanwise 
location. The largest effect of control spanwise location on control 
rolling effectiveness was in the angle-of-&ttack range from approximately 
hO to 14° where the inboard control was more effective. The outboard con- 
trol produced higher increments of yawing-moment coefficient throughout 
the test range. 


CONCLUSIONS 


A wind-tunnel investigation of a wing-fuselage model was made through 
an angle-of-attack range to a Mach number of 0.94. The purpose was to 
determine the effects of a wing leading-edge modification on the incre- 
mental aerodynamic coefficients due to control projection of a spoiler- 
sLot-deflector control located at two spanwise positions. A comparison 
was also made with the spoiler part of the control used as a plain flap- 
type spoiler. Results indicate the following conclusions: 


1. Modifying the wing leading edge generally had a beneficial effect 
on the static lateral control characteristics of both the spoiler-slot- 
deflector and the plain flap-type spoiler controls. 


2. On both the plain and modified wing, the spoiler-slot-deflector 
control was effective in producing rolling-moment coefficients over & 
greater angle-of-attack range than the plain flap-type spoiler and, in 
general, both types of control gave higher roll effectiveness when located 
at the inboard spanwise position. 


4. The incremental yawing-moment coefficient due to spoiler-slot- 
deflector projection was generally in a favorable direction and higher 
for the outboard control. 


---- — ——— ——— -— -- --- 
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4, For the spoiler-slot-deflector control, there were some fairly 
large erratic changes in incremental pitching-moment coefficient with 
either wing leading-edge modification or control projection. 


5. With the exception of pitching moment, the increment in aerody- 
namic force and moment coefficients varied fairly regularly with control 
projection, and the general shape of the curves was little affected by 
Wing leading-edge modification. 


Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 


Langley Field, Va., August 27, 195). 
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TABLE 1.- FUSELAGE ORDINATES 


[Basic fineness ratio 12, actual fineness ratio 9.8 
achieved by cutting off rear portion of body] 


1 = 49.20 in. 


Ordinates, percent length 
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(a) Plain leading edge. 


Table 2. Incremental aerodynamic coefficients, Уро =. 
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(a) Plain leading edge. 
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(b) Modified leading edge. 
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(a) Plain leading edge. 
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(b) Modified leading edge. 


Table 4. Concluded. 
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(a) Plain leading edge. 


Table 5. Incremental aerodynamic coefficients, Yj 225 M 
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(b) Modified leading edge. 
Table 5. Concluded 
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(a) Plain leading edge. 
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6. Incremental aerodynamic coefficients. 7 y2 £9 М 
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(b) Modified leading eage. 


Table 6. Concluded. 
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(a) Plain leading eage. 
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(b) Modified leading edge. 
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(b) Modified leading edge. 
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(a) Plain leading edge. 
Table 15. Incremental aerodynamic coefficients. Y ry = 47 M=90 
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(b) Modified leading edge. 
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(a) Plain leading edge. 
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Table 16. Incremental aerodynamic coeff. 
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(b) Modified leading edge. 
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(a) Plain leading edge. 
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(b) Conc 
Table // Concluded. 
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Figure 1.- General arrangement of model апа controls. 
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Figure 2. 
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- Photograph of the model mounted in the Langley high-speed L 145 
T- by 10-foot tunnel. 
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Figure 2.- Variation of average test Reynolds number with Mach number. 
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Figure 4.- Effect of wing leading-edge modification on the lift, drag, 
and pitching-moment characteristics of the model without controls. 
(Dat& taken from ref. 5.) 
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Figure 5.- Comparison of the static roll effectiveness of the spoiler- 
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slot-deflector control with the plain flap-type spoiler. 
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(b) Yawing-moment coefficient. 


Figure 6.- Continued. 
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(c) Lift coefficient. 


Figure 6.- Continued. 
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(d) Drag coefficient. 


Figure 6.- Continued. 
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(e) Pitching-moment coefficient. 


Figure 6.- Concluded. 
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(a) Rolling-moment coefficient. 


Figure 7.- Effect of wing leading-edge modification on the variation of 
incremental aerodynamic coefficients with outboard spoiler-slot- 


deflector projection. 
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(b) Yawing-moment coefficient. 


Figure 7.- Continued. 
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(c) Lift coefficient. 


Figure T.- Continued. 
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(d) Drag coefficient. 


Figure T.- Continued. 
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(e) Pitching-moment coefficient. 


Figure 7.- Concluded. 
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(a) Rolling-moment coefficient. 


Figure 8.- Effect of wing leading-edge modification on the variation of 
incremental aerodynamic moment coefficients with angle of attack for 
the inboard spoiler-slot-déf}ecsor.control. 
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(b) Yawing-moment coefficient. 


Figure 8.- Concluded. 
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(a) Rolling-moment coefficient. 


Figure 9.- Effect of wing leading-edge modification on the variation of 
incremental aerodynamic moment coefficients with angle of attack for 
the outboard spoiler-slot-deflector control. 
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(b) Yawing-moment coefficient. 


Figure 9.- Concluded. 
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(a) Rolling-moment coefficient. 
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Figure 10.- Effect of control spanwise location on the variation of 
incremental aerodynamic moment coefficients with spoiler-slot-deflector 
projection on the wing with the modified leading edge. 
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(b) Yawing-moment coefficient. 


Figure 10.- Continued. 
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(c) Pitching-moment coefficient. 


Figure 10.- Concluded. 
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(a) Rolling-moment coefficient. 
Figure 11.- Effect of control spanwise location on the variation of 


incremental aerodynamic moment coefficients with angle of attack 
on the wing with the modified leading edge. 
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(b) Yawing-moment coefficient. 


Figure 11.- Concluded. 
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